Noncommunicable diseases (NCDs) are the most important causes of premature mortality and disability-adjusted life years in Korea.
INTERNATIONAL ACTIONS ON NONCOMMU-NICABLE DISEASES
Many important international actions on NCDs have been initiated through international agencies including the United Nations (UN) and the World Health Organization (WHO) during the past decade ( Table 1) [6] . Subsequently the Global Noncommunicable Disease Network (NCDnet) supported by the WHO was created for WHO member states, the WHO itself, international partners, and other stakeholders to promote partnerships for the prevention and control of NCDs [7] . In 2010, the NCD Alliance was founded by four international nongovernmental federations representing the four main NCDs [8] . The NCD Alliance now represents over 2,000 civil society organizations in more than 170 countries and acts as a positive initiative for cooperation to combat the NCD epidemic by putting health at the center of all governmental policies [8] . [9] .
It has been also argued that NCDs should be embedded in the post-2015 development agenda [10] . This is because NCDs are leading causes of death and disability and subsequently impair sustainable development through their impacts on the societal, economic, and environmental domains [10] . According to a recent estimation, tobacco use annually costs 1% to 2% of the global gross domestic product (GDP) [11] . A recent study by the World Economic Forum and Harvard University estimated that NCDs will cost the world economy $47 trillion over the next 20 years, representing 75% of the global GDP and surpassing the cost of the global financial crisis [12] . In a similar vein, the 2012 UN Conference on Sustainable Development, Rio+20, acknowledged that the NCD burden constitutes "one of the major challenges for sustainable development in the 21st century" [13] , emphasizing the relationship between the NCDs and development.
BURDEN OF NONCOMMUNICABLE DISEASES IN KOREA
NCDs accounted for 82% of the total deaths in 2008 in South Korea (hereafter 'Korea') [14] . Based on the recent GBD study, 
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many NCDs were included in the 10 leading health problems causing the burden of disease measured by years of life lost: stroke, ischemic heart disease, liver cancer, stomach cancer, lung cancer, liver cirrhosis, diabetes, and colorectal cancer [15] . NCDs including stroke, low back pain, DM, ischemic heart disease, liver cancer, other musculoskeletal disorders, stomach cancer, and neck pain were in the top 10 causes of DALYs in 2010 in Korea (Table 2 ) [15] . In Korean men, the burden of liver cancer, self-harm, road injury, lung cancer, and liver cirrhosis were relatively great while in women musculoskeletal disorders, neck pain, major depressive disorders, anxiety disorders, and migraine were important causes of DALYs. Using mortality and national health insurance claim data in Korea, researchers also found that the four major NCDs (cancer, CVD, DM, and COPD) were important contributors to years of life lost and DALYs [16, 17] . The importance of NCDs has been recognized by the Korean government, while it sometimes issues official documents on disease trends not backed by scientific evidence. For example, it was asserted in a white paper of the Ministry of Health and Welfare that chronic disease mortality rates are rapidly increasing in Korea [18] . This, however, is misleading, considering that Korea recorded a huge increase in life expectancy during the past several decades, mainly due to the reduction of NCD mortality (especially CVD mortality) [19] . The increasing importance of NCDs in population health does not mean increases in NCD mortality. As indicated in a recent Science paper, mortality from major NCDs (CVD, COPD, and even some cancers) has declined or shifted to older ages, but this occurred later and more slowly than decreases in mortality from infectious diseases [20] . Thus, the relative importance of NCDs can be better explained by differences in the speed of mortality reduction between NCDs and infectious diseases, rather than an absolute increase in NCD mortality. Figure 1 supports this explanation. Figure 1 presents trends in age-standardized mortality rates (with the world standard population being the referent), crude mortality rates, and numbers of all-cause and NCD deaths by age group in Korea between 1983 and 2011. Age-standardized mortality rates for NCDs declined during the past decades. This decline was CVD, the leading NCD in Korea. However, of all-cause mortality rates, the proportion of mortality rates from the four major NCDs (cancer, CVD, DM, and COPD) was 39.4% in 1983 but increased to 56.0% in 2011. Although crude cancer mortality rates are increasing, crude NCD mortality rates have shown rather stable trends during the past decade. Differences between age-standardized and crude mortality rates would be mainly due to population ageing. As seen in (C) and (D) of Figure 1, similar numbers of all-cause deaths were recorded during the past three decades. However, the number of deaths from the four major NCDs has increased, and this increase was mainly due to the increase in the numbers of NCD deaths among those aged 65 or over. Figure 1 also shows that mortality from communicable diseases (infectious and parasitic diseases and acute respiratory infection) accounted for only a small part of total mortality over the period between 1983 and 2011. A detailed analysis indicated that mortality from infectious and parasitic diseases (International Classification of Diseases 10th revision [ICD-10] code: A00-B99) substantially decreased during the period while mortality from acute respiratory infection (ICD-10 code: J09-J22) among the elderly population recently increased (data not shown here). The morbidity data should be also examined. The time trends of the prevalence of NCDs and their risk factors vary by the outcome analyzed. While body mass index showed increasing trends in both genders according to the Global Burden of Metabolic Risk Factors of Chronic Diseases study, decreasing trends were found in systolic blood pressure and fasting blood glucose in Korea [14] . Meanwhile, cancer prevalence and incidence show clear increasing trends. Based on the cancer registry data in Korea [21] , the number of cancer incident cases and the crude incidence rate doubled between 2000 and 2010. The age-standardized incidence rate also rose by 42% during those ten years. These increases in cancer incidence and prevalence were more evident in women than men [21] . A recent cause-specific analysis of cancer registry data also showed that increasing trends in incidence were found for thyroid cancer, colorectal cancer, prostatic cancer (for men), and breast cancer (for women) [22] . Because of the lack of a nationwide active surveillance system for CVD, national health insurance claims data has been used to present time trends of the incidence of two major CVD, ischemic heart disease and stroke, in Korea [23, 24] . These data showed increasing trends between the mid-1990s and mid-2000s [23] , but decreasing trends afterward since the mid-2000s [24] . No significant increasing trends were found for diabetes prevalence based on the data from the Korea National Health and Nutrition Examination Survey (KNHANES) between 1998 and 2009 [25] . However, according to a review of community surveys on diabetes prevalence, it was concluded that the prevalence of diabetes in Korea has increased six-to seven-fold in the past 40 years [25] . thought to be due to different criteria for spirometry rather than an actual decrease in the prevalence of COPD [27] .
SOCIOECONOMIC INEQUALITIES IN NON-COMMUNICABLE DISEASES IN KOREA
Socioeconomic inequalities in NCDs and NCD risk factors have been demonstrated in government reports and epidemiological studies in Korea. Using census and mortality data, educational inequalities in mortality have been identified for most NCDs except for ischemic heart disease and breast cancer [28] . Longitudinal follow-up data also showed mortality inequalities by income group for most NCDs except for a few cancers (kidney cancer for men and non-Hodgkin's lymphoma for women) [29] . Using cancer registry and health insurance data, socioeconomic inequalities in cancer incidence and cancer survival have been reported in Korea [30, 31] . The Ministry of Health and Welfare and the Korea Centers for Disease Control and Prevention have published annual reports, 'Korea Health Statistics' , based on the KNHANES and have included age-standardized prevalences or means by income and urbanization levels in a wide range of NCD prevalences, NCD risk factors, and health care utilization rates related to NCDs [32] . Recently, in a special issue of the Journal of the Korean Medical Association on health inequalities, Korean researchers reviewed the prior literature and concluded that socioeconomic inequalities in NCD risk factors and health care utilization related to NCDs are widespread in Korea and the magnitude of the inequalities for some measures is even increasing [33, 34] .
NCDs are the main contributor to between-country and within-country inequalities in total mortality [3] . A recent analysis examined cause-specific contributions to socioeconomic inequalities in total mortality in England, New Zealand, Korea, and Japan and showed that four major NCDs (cancer, CVD, COPD, and DM) accounted for the major part of mortality inequalities by geographical deprivation index [3] . In this international comparative study, the contribution of NCDs was relatively smaller in Korea than the contribution in the other three industrialized countries. The finding can be explained by the discrepancy in the size of the geographical unit in each country, the lower level of residential segregation in Korea than other countries, and ill-defined causes in Korean death certificate data [3] . Meanwhile, several Korean studies using individual socioeconomic position indicators indicated that NCDs are the main determinants of inequalities in mortality and life expectancy [29, 35] . For example, in an analysis using mortality linkage data of Korean public servants aged 35 to 64, four major NCDs accounted for 50.4% and 70.8% of the absolute inequalities in total mortality of men and women, respectively, as measured by slope indices of inequality [29] .
DETERMINANTS OF THE NONCOMMUNICA-BLE DISEASE BURDEN AND ITS INEQUALI-TIES IN KOREA
Tobacco and alcohol use, salt intake and unhealthy diet, high blood pressure, and physical inactivity and obesity have been reported to be major determinants of NCDs [5, 6, 20, 36] . The relative importance of these risk factors in explaining the NCD burden is debatable and thus findings on comparative risk assessment are helpful in understanding the role of NCD determinants. Based on the recent comparative risk assessment of the global burden of disease and injury [37] , high blood pressure, smoking, and alcohol use were the three leading risk factors for the global disease burden measured by DALYs. In the same analysis, these three risk factors were also the leading determinants of DALYs in Asia Pacific High Income Countries (Japan, Korea, Brunei, and Singapore) [37] . Considering the population size of the four countries in this region (Japan 128 million, Korea 50 million, Brunei 0.4 million, and Singapore 5.2 million), this result primarily represents findings from Japan and Korea. Comparative risk assessment results from Japan, with which Korea shares similarities regarding causes of death structure and risk factors, are thus informative. According to a Japanese study estimating the impact of 16 risk factors on cause-specific mortality and life expectancy, tobacco smoking and high blood pressure were found to be the two major risk factors for adult mortality and shortened life expectancy [38] . Recently, the Institute for Health Metrics and Evaluation at the University of Washington released GBD country profiles and now provides online access to country-specific results on the burden of disease and comparative risk assessment in terms of death, years of life lost, years lost due to disability, and DALYs [15] . According to the results of the comparative risk assessment, dietary risks (including salt intake), alcohol use, smoking, and high blood pressure were the leading risk factors of DALYs in Korea [15] . Gender-specific results indicated the relative importance of alcohol and smoking in Korean men and high blood pressure in Korean women (Table 3 ) [15] .
Although upstream determinants such as poverty and fi-nancial resources, education, working conditions, housing, living environment, and social policies including health care policies play important roles in the creation and maintenance of health inequalities [39] , major modifiable risk factors of NCDs have been considered to be the major proximal determinants of socioeconomic inequalities in NCDs [3] . A prior Korean study showed that behavioral risk factors accounted for a significant magnitude of absolute mortality inequalities [40] . Cigarette smoking explained about 34% to 42% of absolute inequalities in all-cause mortality by income group among men aged 30-64 and its explanatory ability was even greater for CVD mortality (47% to 68%) [41] . Similar results regarding the role of major established CVD risk factors including smoking were reported in prospective studies from other countries [42, 43] .
NATIONAL STRATEGIES TO CONTROL NON-COMMUNICABLE DISEASES IN KOREA
Despite the continuing academic activities and policy development surrounding NCDs, interest in recent international policy development on NCDs has been sparse in both the academic community and policy makers of Korea. For example, except for a small discussion section held by a non-governmental research organization [44] This lack of interest in recent international actions on NCDs is partly because policy makers and academic societies in Korea tend to consider policies and activities discussed among international agencies (the UN and WHO for NCDs) as ones for underdeveloped countries. Policy makers may think that the NCD problems in Korea have already been addressed legislatively by the National Health Promotion Act established in 1995 and that measures to control NCDs are now partly established with support of national health insurance and other NCD screening programs at the community public health centers. There may also be a pessimistic view on NCD policies from non-governmental organizations of Korea, in that fundamental approaches to controlling NCDs can be expected to be discouraged in the NCD policy making processes because of lobbying from associated tobacco, alcohol, salt, and unhealthy food industries as well as pharmaceutical companies. For these reasons, the Korean government may not take the NCD issue seriously, as it did not for the Millennium Development Goals.
Nevertheless, the NCD policies of the international agencies may well allow the Korean government to review its own policies on NCDs and NCD risk factors and provide opportunities to develop more aggressive and population-wide policy measures. International discussions to include NCD targets in the post-2015 development agenda in the UN would be a good platform for drawing attention to the links between NCDs and social, economic, and environmental factors.
Many challenges lie ahead in the development of comprehensive national strategies to control NCDs in Korea (Table 4) . Establishment of a rigorous and independent accountability mechanism has been suggested to be critical to ensure that the goal of NCD reduction is on track to be met [45] . At the na- tional level, formation of a national NCD commission has been recommended [45] . Because of the multisectoral nature of NCDs, comprehensive and rigorous national strategies and a whole-of-government approach are urgently needed [46] , and thus a presidential NCD commission would be appropriate in Korea. A governmental unit for monitoring and evaluation should be established. Development of a national health promotion fund (or the equivalent) has been suggested as the most sustainable funding mechanism for NCD prevention and control [45] . National policies to strengthen the Korean Health Promotion Fund by substantially and regularly increasing the price of tobacco products and starting to impose surcharges on alcohol and unhealthy food products are needed in Korea. Based on the Global Monitoring Framework for NCDs [9] , the goals and targets on NCDs and NCD risk factors in the National Health Plan 2020 of Korea should be reviewed and revised and new indicators may also be added. Many governmental policies should be developed in Korea to achieve a meaningful reduction in NCDs and NCD risk factors and to meet the targets and indicators of the Global Monitoring Framework (Table 4 ). Many reports have indicated population approaches such as taxation, regulation of marketing and sales, and public education and campaigns are effective measures for controlling NCDs and NCD risk factors [5, 20, 36, 47] . Such population-wide policies have been chosen as 'best buy' interventions that are not only highly cost-effective but also cheap, feasible, and culturally acceptable to implement [5] . Considering the paucity of population-wide policies to control major NCD risk factors in Korea including tobacco and alcohol, and the preponderance of high-risk approaches using screening mechanisms through the national health insurance and public health centers, rigorous population approaches should be further developed in Korea. Aggressive taxation of tobacco and comprehensive smoke-free policies should be implemented right away to further control the use of tobacco. Taxation of alcohol and unhealthy food and drink should be initiated in Korea by including these products as additional items for which the tax is allocated to the National Health Promotion Fund. The Global Strategy to Reduce the Harmful Use of Alcohol [48] should be implemented in Korea. In a recent Lancet paper, Moodie et al. [49] pointed out the lack of evidence supporting the effectiveness of the reliance on industry self-regulation and public-private partnerships in reducing NCD risk factors. They also concluded that public regulation and market intervention are the only evidence-based measures for controlling unhealthy commodities including tobacco, alcohol, and unhealthy food and drink [49] . A comprehensive review of the Health Promotion Act of Korea and associat- Research interest in industrial epidemics (tobacco, alcohol, and ultra-processed food and drink)
Development of population approaches to control NCDs ed legislation is required to develop more aggressive policies to restrict the sales and marketing of unhealthy commodities. Active and rigorous enforcement of the acts should be also conducted. In addition, public education and both media and non-mass media campaigns especially tailored toward disadvantaged populations need to be developed. Socioeconomic inequalities in mortality, risk factor prevalence, and treatment of NCDs have been identified [3] . Social determinants including poverty, working conditions, education, housing, and living environment contribute to the development of NCDs and NCD inequalities [39] . Policies to address such social determinants of NCDs should be developed in Korea [50] . Policies and programs to improve early childhood development and working conditions are crucial to effectively address inequalities in NCDs [3, 50] . The Commission on Social Determinants of Health recommended health equity in all policies, systems, and programs to ensure the reduction of health inequalities by equalizing distributions of power, money, and resources [39] . National strategies with explicit consideration for health and health equity in all policies would help to effectively reduce NCDs and NCD inequalities.
The importance of the roles of civil society and the academic community should also be recognized. Studies on the burden of NCDs and the roles of risk factors (comparative risk assessment) should be conducted in Korea with updated data from death certificates, hospitalization records, and community surveys as well as country-specific disability weighting. Research on the social, economic, and environmental impacts of the NCD burden would be helpful in drawing attention from other sectors (e.g., the economic sector) to the issue. Considering the paucity of detailed information on the activities of unhealthy commodity industries in Korea, mechanisms for monitoring industrial activities related to tobacco, alcohol, and unhealthy food and drink should be developed, especially with the participation of civil society and the academic support of the research community. Furthermore, active involvement by civil society in the development of NCD policies is necessary and research interest in population approaches to controlling NCDs should be pursued.
CONCLUSION
NCDs are the main contributor to both the disease burden and health inequalities in Korea. International discussions on NCD policies in the UN and the WHO have provided a good opportunity to review governmental NCD policies and further develop rigorous and population-wide policy measures in Korea. Considering the paucity of aggressive population-wide policies to control major NCD risk factors in Korea, rigorous population approaches such as taxation and regulation of unhealthy commodities as well as public education and mass campaigns need to be implemented.
